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Top Production - LO (Run I) 5F

LO contributions to top production cross-section:
At the Tevatron top quarks are produced: OU_H _H_ Dm_ mc: H_u mmmc_.ﬁm

® In pairs

qq annihilation gg fusion S 0., Hadronic
(90%) . (10%) f
91 B g B
WALELEE o A% Dilepton
g t E g T

Theoretical predictions: 6;; = 4.7 =5.5 pb iy _Im_u+,u®._“m

® Via electroweak processes (single top production):

t

W-g fusion , qq annihilation . Combined

— Theory

Gw., = 1.7+0.1 pb LG = 0.74+0.05 p _ | |
. 5 10 15

Run 1: Single top 1s background O.QHG (pb) at _/\_8U =175 GeV

Thursday 9:45 “Top Quark Physics At CDF” - W. Wagner
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Top Production - NLO, NNLO 3F

Gluon radiation contributes 1.8-3.1 Qm/\ to Amy; ~ m@m/\
Try to separate fraction of qq@ — &?

Juj, from inclusive tt cross-section.

h h
0u; " Joux" o fui(1 = fug)

Binned LL fit to jet multiplicity shapes in [+MET+jj+b-tag =
frg- MADGRAPH+PYTHIA — 07", qumé .

Jet Multiplicity (CDF Preliminary) Jet Multiplicity (CDF Preliminary)
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b production - Run 1

het

b quark inclusive cross-sections at medium p; were measured

using a lifetime fit to the inclusive 1 data from di-muon trigger

to extract the b fraction. At high p, the cross-sections were

measured in the modes b — [X using data from the high p,

lepton triggers.
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Upper theory:

m,=4.5 GeV, u=uy/2, MRS125

Central theory:

m,=4.75 GeV, u=u,, MRSA'

Lower theory:

my=5 GeV, u=2u, MRSA'
DX prp=v(md +pd)

X

e*X
¢

= Data: CDF
F pp - b+X, Vs=1.8 TeV, |y|<1

Initially, b production cross-
sections at the Tevatron did not
agree with NLO QCD calcula-
tions with default parameters.
Theory and data could be forced
to agree by using extreme wval-
ues of renormalization and fac-

torization scales.
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In addition to flavor creation (LO), 2 other processes contribute

to b production in pp:

(3 3 29
“Flavor Creation” “Flavor Excitation” Parton Shower/Fragmentation

__=_mm_.m=wn b-quark Cross Section for PT > PTmin

Ansatz: Tuning contributions from | -

Pythia CTEQ3L
——0—Pythia Creation

these processes can have a large effect - iy T
_..-»lfm_\ @M | A DOData
Y

on the total cross-section. Flavor exci-

1.0E+00

Q

tation 1s sensitive to PDFs. Different

Cross Section (;:b)

fragmentation models change the con-

tribution from shower fragmentation.

20 25
PTmin (GeV/c)
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bb correlations - Run I £

To try and estimate the contributions from the & processes, look
at bb production correlations. Find b — J/9X, b — X pairs.

—~(90 PN

CDF preliminary

b-quark Correlations: Azimuthal A¢ Em:.mc.._:o:_

3500 -
- Tuned Pythia 5.6 (CTEQ 3L)
30001 only lowest order

1.8 TeV Pythia CTEQ4L
PT1>5 GeVic
PT2 >5 GeVic
vyl <1 |y2| <1

Taq Pairs per 6°
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bb correlations from LO flavor creation in Pythia do not agree
with data at small Ap(bb).= Contributions from flavor
excitation and gluon splitting diagrams may be tmportant. Run
II: SVXII 3-D with z resolution ~ 40um - separate bb.
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Theory: Fragmentation functions
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Non-perturbative fragmentation functions for B mesons are

extracted from LEP data using 3 different parameterizations.
Applied to LO and NLO QCD with M S factorization. = good
agreement with CDF Run I data on B meson cross-section.

Using the NRQCD factorization scheme: = good agreement

with CDF Run I measurement of J/v cross-section from B.
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Binnewies, Kniehl, Kramer hep-ph/9802231 (Run I)
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When pr >> my, large loga- pp » BT+X, Vs=1.8 TeV, [yl<1 ]

dashed: EHEHEH,\ABW%@ =
solid: phy/2 < ppopp < Rfky ]
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rithms of the ratio pp/my arise

in the coefficients of the pertur- CTEQSM 1

| N m, = 475 Gel -
 dotted: wmgao?,.,,,. f(b-B)=0.375
i e = 0.006 .
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bative expansion. Resummation

B
T

of next-to-leading logs merged
with the QCD NLO wusing a

retuned Peterson fragmentation Mw%ww%; with N=2 fit

with €, = 0.002 = Reasonable ol

agreement with CDF data on B 5 HMA v 15 20 2
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meson cross-sections.
Cacciari, Nason hep-ph/0204025 (Run I)

Run II: test current theory predictions at p/"* < 5 GeV
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The CDF Run II Detector aF
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Run II Di-muon triggers, _5_ < 1.0, pi(p) > 1.5 x_s_ < 0.6).

OU_H _HNC_J 11 _me___.ﬂ_Jmpwv\
T T T

CDF Run 2 Preliminary

Run I: Solid histogram

Signal Region Events

Total Fit
J/WP Contribution

Background Contribution

Candidates/ 12.5 pm

i 1 TTTTIT

x!m

10 . -0.2 :
P(JI/W) GeV/c ,u\rt ct [cm]
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Run II: Inclusive J /v fraction from b — J/¥ X using lifetime fit
= 17% (p(J/) > 4 GeV). pu(J/1p) ~ 1.5GeV = p,(B) ~ 0!

CDF Run Il Preliminary 154+x15 signal J
Luminosity: 18 pb * candidates ] =B° I/ WP K Te

Candidates per 10 MeVlc”

53 Events
wwidth: 1.4 Me\/

, _ CDF preliminary 11 pb -t

5.25 5.30 5.35 5.4a0 1 5.15 5.2 525 5.3 5.35 5.4
B" Candidate Mass, Ge\wVv/c? B° Mass [GeV]
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Quarkonia production - Run 1

Quarkonia bound states are non-relativistic. NRQCD LO
perturbative expansion is O(a2v°) as in the color singlet model
(CSM) + higher order O(av*). Fragmentation processes o
color octet matrix element dominate. Predictions agree well

with data at the Tevatron at high p;.

CDF Preliminary CDF Preliminary

M(CS{®) = 11.0 = 0.8 x 107% GeV® MS{®) = 3.8 = 0.3 x 107% GeV?
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At lower p, NRQCD non-fragmentation diagrams from other
octet matrix elements are important, soft gluon effects cause

rates to diverge.
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Figure 7

Direct x. production T(1S) production
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NRQCD Color octet matrix elements determined by fitting to
measured cross-section of Y(nS) at p, > 8 GeV/c.

‘/
102 L \™. 4 10 2 ¢

Predict o(n,(15)X)/o(T(15)X) ~ 4.3 = Run Il n, — J/¢J /4

Run 1 SVX J/¥ —> uu Data

4 £ CDF Preliminary
35 F
u F

From Run I 80 pb™', 7 candi-
date events of m, — J/PJ/1. g

Mass of potential signal s *:s

0446 + 6(stat) MeV/& e LU LA

0 9 9.1 . R . 9.5 9.

events/(10 MeV/c?)
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harmonium Polarization Mystery 3

BUT Inclusion of color octet in NRQCD leads to a prediction

of increasing transverse polarization of charmonium at high p;.
CDF Run 1

L L L L B N
== Braooten et al. 3

Method: Fit the production an- ‘o

0.5

gle, cosO*, distribution to MC o=
1 ! : . . . -0.25
distribution which is a mixture -es
-0.75
-1

l
)

Prompt

b (v
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of transverse and longitudinal

N’

polarizations. Use lifetime fit
method to separate prompt and
b— J/PpX

dN/d cos 0* x (1 + «cos? 6%)
Pr(u/¥) (Gev/c)
In the Run I data, polarization is positive at intermediate p; -

TTITT[TTIT[TTTT[TTTTT]
e mn

does not rise at high p;.
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CDF Run Il Preliminary, 28 pb, September 2002 CDF Run Il Preliminary, 17pb-t

T T T T T T T
J/W: Events: 345k, Width: 21 + 0.1 MeV/c? Y(1Ss)

W(2s): Events: 9.5k, Width: 22 + 2 MeV/c”
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Run II di-muon trigger features:

o Opening angle A¢ > 5° (was 15°) - polarization.

e lower p; reach: p(p) > 1.5(|n| < 0.6),2.0(0.6 < |n| < 1.0):
cross-sections, greater n, — J/J /1 acceptance

e More n coverage: plug muons + silicon tracking 1 < |n| < 2.
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Charm production - Run 1

Using data from > 7.5 GeV /c inclusive muon trigger
reconstruct D* — Dr,, DY — Ku + X. From lifetime fit to D"

decay vertex found B fraction < 6.5%.

CDF Preliminary

DATA
_ ) RS(solid), WS(dashed)

s cuT

do/dP; [nb/(GeV/c))

1 1
0.2 0.25 0.
AM (GeV/c?)

DATA: RS—WS (cross)
MC (histogram)

do/dP, [nb/(Gev/c)]

i

1
30
P(D™) [GeV/c]

Delta M

Theory: M. Cacciari ¢ — D*T = 0.222, mass. = 1.5 GeV/c?,
e, = 0.02, PDF=CTEQ4M. o(pp = D*X )theory = 240nb
o(pp — D*X)(|n] < 1.0, pr > 10 GeV) = 347 + 65(stat) + 58(syst)
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CDF Trigger on Impact Parameter

[ Require 2 SVT tracks with i.p.>50pum
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Charm in Run 11 I

Feb/26/2002 L=1.3 Un_vu. Feb/26,/2002
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Need to measure fp, fraction of
D from B — D - proper time
fit 1s difficult because of trigger

D to PV: )
e Model the SVT D from B impact parameter in MC,
Fg(dy).
e Measure the detector dy resolution using K, — 7w with the

same selection critiria as D — K~ n", Fp(do).

NuA&oV — AHVNﬂUA&o — RV&R + AH — \mvmﬁUA&Ov
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CDF Runll Preliminary

From K, — arm we find
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Fp(dy) = Gaussian + exp tails.
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Tails need to be modeled care-

fully

Event Num./ 10 um

[

(6] 0.02 0.04
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Fraction of B — D is o< 16% for D, 11% for D*** and 35%
for D,. Much larger when tails excluded from Fp(dy)
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Lots of questions unanswered in Run I Top cross-section
contributions, low momenta b and onia differential
production cross-sections, charmonium polarization, double
differential production correlations, is there an n,?....

Run II new and improved triggers ! Larger kinematic
coverage of the dimuon triggers, |n| < 2, ps(u) < 1.5 GeV/c

(|n| < 0.6) compared to Run I. Track triggers = large SVT
b/c yields at ps(l) < 6GeV/c and p(track) > 2GeV/c. Test
theory predictions in a different kinematic region.

Milestones on the road to HVQ production: Sufficient
statistics of reconstructed onia, ¢/b signals collected with
stable triggers, separation of prompt J/¢ and D from bs.
New W cross-section measurement on the road to top.
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Run II HVQ production
measurements at /s =2 TeV -
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